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RUTHENUMALLOY FILMI FOR COPPER 
INTERCONNECTS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims the benefit of U.S. Provi 
sional Application No. 61/029,851, filed Feb. 19, 2008, the 
disclosure of which is herein incorporated by reference in its 
entirety. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention generally relates to formation 
of copper interconnects or copper wiring filled grooves Such 
as contact holes or via holes, which is Suitable for manufac 
turing fine structure semiconductor devices. 
0004 2. Description of the Related Art 
0005. In next-generation wiring structures, contact holes 
that connect diffusion layers and wiring layers on a silicon 
Substrate, and via holes that connect metal wirings, are con 
nection holes for connecting wirings. As semiconductor 
devices become increasingly finer, aspect ratios of these con 
nection holes are also increasing and concerns are raised over 
the rise in contact resistance and via resistance. As for contact 
resistance, tungsten-filled structures have been traditionally 
used. To address fine contact holes, a method to form a Ti/TiN 
CVD film and then fill the holes with a W film using CVD has 
been used. However, the high resistivity of this W film causes 
the W plug resistance to increase when the contact hole diam 
eter becomes 50 nm a size required of devices at the 32-nm 
technology node generation and beyond, and the aspect ratio 
reaches 5 or more. The higher W plug resistance can inhibit 
device performance (V. Arnal, A. Farcy, M.Aimadeddine, V. 
Jousseaume, L. G. Gosset, J. Guillan, M. ASSous, L. Faven 
nec, A. Zenasni, T. David, K. Hamioud, L-L. Chapelon, N. 
Jourdan, T. Vanypre. T. Mourier, P. Chausse, S. Maitrejean, C. 
Gued. J. Torres, “Materials and processes for high signal 
propagation performance and reliable 32 nm node BEOL, 
pp. 1-3. International Interconnect Technology Conference, 
IEEE (2007)). 
0006 For this reason, use of copper, Rh or other low 
resistance material to fill contact holes is proposed (Shao et 
al., Proceedings of IITC 2007, pp. 102-104). If a Cu contact 
plug is used, a copper-diffusion barrier film is needed to 
prevent diffusion of Cu into the diffusion layer, and a seed 
layer must also be formed that can form copper in a manner 
achieving good adhesion while offering good coatability to 
ensure favorable filling property. Methods to fill contact holes 
include one that uses plating and another that uses chemical 
vapor deposition. Under the plating method, a seed layer 
having favorable coatability is required, along with deposi 
tion of an atomic layer to form this seed layer, or a Cu seed 
layer or connection seed layer constituted by Ru, etc., formed 
by chemical vapor deposition. On the other hand, another 
method is reported whereby contact holes are filled with 
copper by means of chemical vapor deposition using an 
underlayer constituted by a Ru or other film that allows for 
easy formation of a core to achieve chemical vapor deposition 
of copper. 
0007. It is becoming increasingly difficult to form a Cu 
diffusion barrier layer or Cu seed layer over via holes of high 
aspect ratios using the conventional PVD. Particularly with a 
Cul-diffusion barrier film by PVD, forming a thin, continuous 
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Cul-diffusion barrier film is difficult on the side face at the 
bottom of the via hole, and therefore formation of such film 
using a method that can achieve favorable coatability is 
desired. Similarly when a Cu seed layer is formed over via 
holes of high aspect ratios using the conventional PVD, the 
Cu film tends to agglomerate on the side face at the bottom of 
the contact or via hole, and the film tends to become discon 
tinuous as a result. Accordingly, a method to form RuTa alloy 
beforehand to facilitate formation of PVD-Cuis suggested, as 
proposed in US2007/0059502 A1. In this case, RuTa alloy 
with a Ru composition ratio of 80% or more is formed as the 
underlayer for Cu seed layer to form a continuous Cu film as 
a Cu seed film. However, although introduction of Rucer 
tainly improves the morphology of the PVD-Cu film, forming 
a Cu film with good coatability through PVD-Cu is also 
becoming difficult as the trend for finer via holes accelerates. 
0008 Accordingly, a method is proposed whereby, instead 
of forming a Cu film by PVD, a film constituted by Ru, for 
example, is formed and after a Ru film has been formed, the 
Ru film is used as a seed layer for Cu electrolytic plating 
without forming a Cu seed layer (“PEALD of Ru layers on 
WNC ALD barrier for Cu/porous low-k integration.” Pro 
ceedings of Advanced Metallization Conference 2006, p.39). 
In this case, the Rufilm can be formed by CVD. ALD or other 
method capable of achieving good coatability, which solves 
the coatability problem presented by PVD. On the other hand, 
the Rufilm thickness must be increased to at least approx. 5 to 
10 nm to form a seed layer whose resistance is low enough to 
Support electrolytic plating. Considering that next-generation 
Cu wirings require via holes of approx. 30 nm in size, there 
fore, 10 to 20 nm of the 30-nm hole will be occupied by a Ru 
film. On the other hand, the resistivity of Ru film is one digit 
higher than that of Cu film, which leads to higher via resis 
tance and contact resistance. 

0009. If a thin Ru film can beformed, it is possible to form 
a Cu seed film by CVD (chemical vapor deposition) or ALD 
after forming a thin Ru film. To achieve a continuous Cu seed 
film, however, the film thickness must be at least 5 to 10 nm. 
Let's assume that the via hole size is 30 nm and a Cubarrier 
film is formed by 2 nm below a Ru film. Even if the Ru film is 
as thin as 2 nm, the Cu seed film is at least 5 nm thick and 
therefore the total thickness becomes 9 mm. As a result, 18 nm. 
of the via hole diameter of 30 nm will be occupied by the Cu 
barrier film, Ru film and Cu seed film. In electrolytic plating 
where the via hole height is 200 nm, therefore, the aspect ratio 
will become 200 nm/12 nm=16. This aspect ratio is extremely 
tight for electroplating, even with electrolytic plating. 
Resolving this problem in the real world using existing elec 
trolytic plating technology is extremely difficult. 
0010. In light of the above, forming Cuwirings in connec 
tion holes using the conventional PVD alone is becoming 
increasingly difficult in the formation of next-generation Cu 
wirings involving higher aspect ratios. Also, application of a 
Ru-type film presents the problem of increasing wiring resis 
tance in connection holes. Furthermore, if a thin Ru-type film 
is applied, the aspect ratio of connection holes becomes too 
high for electrolytic plating. If a thin Ru-type film is applied 
and connection holes are filled by a Cu film by means of 
chemical vapor deposition, seams and Voids tend to occur. 
0011. The above mainly described the formation of Cu 
plugs in contact holes, but next-generation semiconductor 
devices require new technology to fill Cu not only in connec 
tion holes provided in diffusion layers on a silicon substrate, 
but also in connection holes of high aspect ratios of around 5 
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to 15 used to connect the W wirings in the lower layer and Cu 
wirings in the upper layer. With respect to such technology, 
the Cuvolume must be increased as much as possible if a thin 
Cubarrier film is to be formed in a connection hole of a high 
aspect ratio to fill the hole while reducing the via resistance at 
the same time. For this reason, a verythin film offering good 
coatability and excellent adhesion with Cu must beformed as 
a Cubarrier seed. 

SUMMARY OF THE INVENTION 

0012 To fill connection holes such as contact holes and via 
holes with Cu, a seed layer having excellent adhesion with Cu 
film is needed. If a copper plug is used, either with contact 
holes or via holes, it is also necessary to prevent diffusion of 
copper. Accordingly, use of a laminate comprising a copper 
diffusion barrier layer and a seed layer offering good adhe 
sion with copper as an underlayer is effective in the formation 
of a copper contact plug. If the deposition speed of Cu film is 
the same at the bottom and side face of the contact hole, 
however, it is desired that the contact hole has a shape having 
a wider opening and tapered toward the bottom. If the contact 
hole diameter is the same between the opening and bottom, 
filling such contact hole becomes extremely difficult, and 
voids called "seams' are formed in the contact plug. The same 
goes with via plugs. Accordingly, ideally fine contact holes 
and via holes have a tapered shape if they are to be filled with 
copper by means of chemical vapor deposition. However, the 
needs for finer and more integrated structures limit how much 
the holes can be tapered. Accordingly, new technology to fill 
these holes without generating seams and Voids is needed. 
0013. In an embodiment where one or more of the above 
problems can be resolved, an aspect of the present invention 
provides a method for forming interconnect wiring, compris 
ing: (i) covering a surface of a connection hole penetrating 
through interconnect dielectric layers formed on a substrate 
for interconnect wiring, with an underlying alloy layer 
selected from the group consisting of an alloy film containing 
ruthenium (Ru) and at least one other metal atom (M), a 
nitride film thereof, a carbide film thereof, and an nitride 
carbide film thereof, and (ii) filling copper or a copper com 
pound into the connection hole covered with the underlying 
alloy layer. 
0014. The above embodiment may further include the fol 
lowing embodiments in any combination: 
0015. In an embodiment, the method may further com 
prise covering a Surface of the connection hole with a copper 
diffusion barrier layer prior to step (i). The barrier layer may 
be a film constituted by a material selected from the group 
consisting of TaN, Ta, TaNC, TaSiN, TiN, Ti, TiNC, and 
TiSiN in an embodiment. Alternatively, the barrier layer may 
further include Ru and may be a film constituted by a material 
selected from the group consisting of RuTaN, RuTaNC, 
RuTiN, RuTiNC, RuN, and RuNC. 
0016. In any one of the foregoing embodiments, in step (i), 
the underlying alloy layer may be formed as a copper diffu 
sion barrier layer, and in step (ii), the copper or the copper 
compound may be filled by CVD. In the above, a wiring 
groove communicating with the interconnection hole may 
further beformed above the interconnection hole in the inter 
connect dielectric layers in a dual damascene arrangement, 
and in step (i), a Surface of the wiring groove may also be 
covered with the underlying alloy layer. In an embodiment, in 
step (ii), the copper or the copper compound may be filled into 
the interconnection hole Substantially or nearly in its entirety. 
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0017. In any one of the foregoing embodiments, the 
method may further comprise filling copper by electrolytic 
plating into the remaining part of the interconnection hole 
which is not filled with the copper or the copper compound by 
CVD in step (ii), wherein a layer formed by CVD in step (ii) 
is used as a copper seed layer. In an embodiment, the method 
may further comprise filling copper by electrolytic plating 
into the remaining part of the interconnection hole which is 
not filled with the copper or the copper compound by CVD in 
step (ii) and the wiring groove, wherein a layer formed by 
CVD in step (ii) is used as a copper seed layer. 
0018. In any one of the foregoing embodiments, the under 
lying alloy layer may be a laminate comprised of the nitride 
film or the nitride-carbide film as a first layer and the carbide 
film as a second layer. In an embodiment, step (i) may com 
prise controlling Supply of a Ruprecursor and Supply of an M 
precursor to adjust an atomic ratio of Ru/(Ru+M) of the 
underlying layer at 0.6 to 0.9 (in another embodiment, 0.75 to 
0.85) for the first layer and then at 0.7 to 0.95 (in another 
embodiment, 0.6 to 0.9) for the second layer. In an embodi 
ment, the first layer may beformed using a hydrogen-nitrogen 
plasma whereas the second layer may be formed using a 
hydrogen plasma. 
0019. In any one of the foregoing embodiments, step (i) 
may comprise controlling Supply of a Ruprecursor and Sup 
ply of an M precursor to adjust an atomic ratio of Ru?(Ru--M) 
of the underlying alloy layer preferably at about 0.6 to about 
0.9 (in another embodiment, about 0.75 to about 0.85). In an 
embodiment, step (i) may comprise forming the underlying 
alloy layer by atomic layer deposition. In an embodiment, 
step (i) may comprise Supplying a Ru precursor and an M 
precursor alternately in cycles to form the underlying alloy 
layer. In an embodiment, the Ruprecursor may be Supplied in 
one or more pulses and the M precursor may be Supplied in 
one or more pulses in one cycle. In an embodiment, step (i) 
may comprise adjusting the number of pulses of the Ru pre 
cursor supply and the number of pluses of the M precursor 
supply to adjust the atomic ratio of Ru?(Ru--M) of the under 
lying alloy layer. In an embodiment, step (i) may comprise: (I) 
conducting atomic deposition of MX times, each atomic 
deposition of M comprising Supplying the M precursor and 
Supplying a gas chemically reactive to the M precursor, (II) 
after step (I), conducting atomic deposition of Ru Y times, 
each atomic deposition of Ru comprising Supplying the Ru 
precursor and Supplying a reduction gas, wherein XZY; and 
(III) repeating steps (I) and (II) Z times, thereby forming a 
M-Ru alloy layer as the underlying alloy layer. In an 
embodiment, step (II) may comprise applying radio-fre 
quency power to the reduction gas to generate a plasma of the 
reduction gas. In an embodiment, the reduction gas may be 
hydrogen gas or a mixed gas of hydrogen gas and nitrogen 
gas. In an embodiment, step (II) may comprise applying 
negative potential to a heating Support on which the Substrate 
is placed. In an embodiment, Z is 50-100, resulting in a 
Ru—M alloy film having a thickness of 1-2 nm. 
0020. In any one of the foregoing embodiments, a propor 
tion of Ru in the underlying alloy layer at a bottom of the 
connection hole may be higher than that at a side wall of the 
connection hole or at an upper Surface of the Substrate. In an 
embodiment, the underlying alloy layer at the bottom may 
contain less C and/or N than at the side wall or the upper 
Surface. In an embodiment, the proportion of Ru may be 
adjusted by applying bias Voltage to the Substrate. 
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0021. In the above, the atomic layer deposition (ALD) 
may be of any type such as thermal or plasma ALD. In the 
plasma ALD, bias Voltage can easily be controlled and 
applied to the substrate. 
0022. In any one of the foregoing embodiments, the M 
may be Tior Ta. In any one of the foregoing embodiments, the 
Ru precursor may be a 3-diketone-coordinated ruthenium 
compound. 
0023. In any one of the foregoing embodiment, step (ii) 
may preferably comprise depositing Cuby CVD. 
0024 For purposes of summarizing aspects of the inven 
tion and the advantages achieved over the related art, certain 
objects and advantages of the invention are described in this 
disclosure. Of course, it is to be understood that not neces 
sarily all such objects or advantages may be achieved in 
accordance with any particular embodiment of the invention. 
Thus, for example, those skilled in the art will recognize that 
the invention may be embodied or carried out in a manner that 
achieves or optimizes one advantage or group of advantages 
as taught herein without necessarily achieving other objects 
or advantages as may be taught or Suggested herein. 
0025. Further aspects, features and advantages of this 
invention will become apparent from the detailed description 
of the preferred embodiments which follow. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0026. These and other features of this invention will now 
be described with reference to the drawings of preferred 
embodiments which are intended to illustrate and not to limit 
the invention. The drawings are oversimplified for illustrative 
purposes and are not to Scale. 
0027 FIGS. 1(a) to 1(f) are schematic cross sections of a 
partially fabricated integrated circuit, showing Cu filling pro 
cesses in a contact hole according to an embodiment of the 
present invention. 
0028 FIG. 2 is a graph showing the pulse-dependency of 
the atomic ratio of Ru/(Ru+Ta) according to an embodiment 
of the present invention. 
0029 FIGS. 3(a) to 3(d) are schematic cross sections of a 
partially fabricated integrated circuit, showing Cu filling pro 
cesses in a via hole according to an embodiment of the present 
invention. 

0030 FIG. 4 is a timing chart showing a atomic layer 
deposition sequence for forming a Ta—Ru alloy according to 
an embodiment of the present invention (Ta:Ru=1:1). 
0031 FIG. 5 is a schematic diagram showing an apparatus 
for atomic layer deposition usable in an embodiment of the 
present invention. 
0032 FIGS. 6(a) to 6(e) are schematic cross sections of a 
partially fabricated integrated circuit, showing Cu filling pro 
cesses in a contact hole according to an embodiment of the 
present invention. 
0033 FIG. 7 shows timing charts of an atomic layer depo 
sition sequence for forming a Ta—Ru alloy according to an 
embodiment of the present invention. 
0034 FIG. 8 shows timing charts of an atomic layer depo 
sition sequence for forming a Ta—Ru alloy according to 
another embodiment of the present invention. 
0035 FIG.9 shows timing charts of an atomic layer depo 
sition sequence for forming a Ta—Ru alloy according to still 
another embodiment of the present invention. 
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0036 FIGS. 10(a) to 10(e) are schematic cross sections of 
a partially fabricated integrated circuit, showing Cu filling 
processes in a contact hole according to an embodiment of the 
present invention. 
0037 FIG. 11 is a graph showing the pulse-dependency of 
the atomic ratio of Ru/(Ru-Ta) for RuTaC film and RuTaNC 
film according to an embodiment of the present invention. 
0038 FIGS. 12A and 12B show backscattering spectra of 
RuTa alloys formed using H2 plasma and H2/N2 plasma, 
respectively, according to an embodiment of the present 
invention. 
0039 FIGS. 13A and 13B show backscattering spectra of 
RuTaalloys formed using a Ta/Ruratio of 1/2 and 1/3, respec 
tively, according to an embodiment of the present invention. 
0040 FIG. 14 is a schematic diagram showing an appara 
tus for atomic layer deposition usable in an embodiment of 
the present invention. 
0041 FIG. 15 shows micrographs of cross sections of Cu 
filling connection holes according to an embodiment of the 
present invention. (A): Ru/(Ru+Ta)=0.56 (showing a void); 
(B): 
0042 u/(Ru+Ta)=0.79: (C): Ru/(Ru+Ta)=0.95 (showing a 
seam): (D): Ru/(Ru+Ta)=1.0 (showing a seam). 
0043 FIG. 16 is a photograph of a cross section of Cu 
filling connection holes according to an embodiment of the 
present invention. 
0044. Description of the Symbols 
0045 1: Silicon substrate 
0046 2: Transistor diffusion layer (source) drain 
0047 3: Transistor diffusion layer (drain) 
0048 4: Gate insulation film 
0049 5: Transistor gate electrode wiring 
0050 6: Interlayer insulation film 
0051 7: Contact hole for forming transistor contact elec 
trode 
0052 8: Ta or Ti-type barrier metal 
0053 9: TaRu alloy or TiRu alloy formed in a flat area on 
the upper face of an interlayer insulation film 
0054) 10: TaRu alloy or TiRu alloy formed on the inner 
Surface of a contact hole 
0055) 11: TaRu alloy or TiRu alloy formed on the bottom 
face of a contact hole 
0056) 12: Cu-CVD film formed in a contact hole 6 by 
chemical vapor deposition 
0057 13: Cu contact plug formed in a contact hole 
0058) 14: Wiring in a Cu contact plug 
0059) 101: Interlayer insulation film 
0060 102: Lower-layer wiring 
0061 103: Interlayer insulation film 
0062 104: Connection hole 
0063. 105: Cubarrier metal layer 
0064. 106: Alloy layer constituted by Ta and Ru 
0065. 107: Cu film (initial deposition stage) 
0.066 108: Cu film (intermediate deposition stage) 
0067. 109: Cu film filling a connection hole 
0068 301: Silicon substrate 
0069 302: Transistor diffusion layer (source) drain 
(0070 303: Transistor diffusion layer (drain) 
(0071 304: Gate insulation film 
0072 305: Transistor gate electrode wiring 
(0073. 306: Interlayer insulation film 
0074 307: Contact hole for forming transistor contact 
electrode 
(0075 308: Ta or Ti-type barrier metal 
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0076 309: TaRu alloy or TiRu alloy formed in a flat area 
on the upper face of an interlayer insulation film 
0077 310: TaRu alloy or TiRu alloy formed on the inner 
Surface of a contact hole 
0078. 311: TaRu alloy or TiRu alloy formed on the bottom 
face of a contact hole 
0079 312: Cu-CVD film formed in a contact hole 6 by 
chemical vapor deposition 
0080 313: Cu contact plug formed in a contact hole 
0081 314: Wiring in a Cu contact plug 
0082 331: N2 MFC 
0083 332: N2 introduction valve 
I0084 201: Cu wiring 
I0085 2022: Interlayer insulation film 
I0086. 203: Via hole area of Cu wiring 
I0087. 204: Cu wiring area 
I0088. 205: RuTa alloy film to be used as a Cul-diffusion 
barrier layer 
I0089. 206: Cu plug 
0090. 207: Cu seed layer 
0091) 208: Cu plating layer 
0092. 209: Cu wiring by CMP flattening 
0093 251: Cu wiring 
0094. 252: Interlayer insulation film 
0095. 253: Via hole area of Cu wiring 
0096. 254: Cu wiring area 
0097. 255: RuTa nitride-carbide film to be used as a Cu 
diffusion barrier layer 
0098 256: RuTa carbide film 
0099 257: Cuplug 
0100 258: Cu seed layer 
0101) 259: Cu plating layer 
0102 260: Cu wiring by CMP flattening 

Detailed Description of the Preferred Embodiment 
0103) The present invention will be explained in detail 
with reference to preferred embodiment. However, the pre 
ferred embodiments are not intended to limit the present 
invention. 
0104. The process leading to the present invention does 
not limit the present invention in any way. However, the 
inventors focused on a Cu film formed by chemical vapor 
deposition, instead of conventional plating, as a way to fill 
fine via holes and contact holes using this Cu film. In the case 
of electrolytic plating, a Cu seed layer or Ru seed layer needs 
to be formed beforehand because a low-resistance seed layer 
is required. In the case of chemical vapor deposition, on the 
other hand, there is no need for low-resistance seed layer and 
only a very thin underlayer will suffice. This means that the 
Cu Volume can be increased as long as the holes can be filled 
with Cu formed by chemical vapor deposition, and thus the 
via resistance and contract resistance can be reduced. The 
problem lies in the formation of this underlayer. For a Cu 
underlayer, use of a Cul-diffusion barrier metal film to prevent 
diffusion of Cu is a must. Accordingly, if this Cul-diffusion 
barrier metal film provides a good underlayer for forming a 
Cu film by chemical vapor deposition, then the film can serve 
as both a Cu-diffusion barrier and a seed layer, which makes 
the process very advantageous. 
0105 Now, what it means by “good underlayer is 
explained. In chemical vapor deposition, organic material 
reacts with Cu at the underlayer surface and forms a Cu core. 
The higher the density of the core, the higher the chances that 
a thinner, continuous Cu film is formed. Breakdown of Cu 
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material is sensitive to the material and Surface condition of 
the lower layer, and therefore selecting a good material is 
essential. 
0106. After many years of research into this underlayer 
material, the inventors confirmed that, when forming a Cu 
film by CVD using (trimethylvinylsilyl)hexafluoroacetylac 
etonato copper, for example, breakdown of Cu material and 
formation of core occur easily on a metal film containing Ru. 
The core grows easily regardless of the Ru composition and 
without an incubation period for Cu film to grow. For 
example, Ta Ru nitride, carbide and nitride-carbide alloy to 
which Ruatoms have been added, and Ti-Ru nitride, carbide 
and nitride-carbide alloy, are good candidates for the under 
layer material. 
0107. On the other hand, the inventors also found that 
when a Cu-CVD film was formed in a connection hole by, for 
example, using a Ta—Ru nitride, carbide or nitride-carbide 
alloy with a modified composition, then the filling character 
istics of Cu film would change significantly depending on the 
composition of the Ru-Ta alloy constituting the underlayer. 
In an embodiment, seams and Voids did not generate and 
filling was possible under Cu-CVD when the Ru Tacom 
position in the film, or Ru/(Ru+Ta), was approx. 60 to 90%. 
On the other hand, it was found that voids would generate 
when Ta was 40% or more, while seams would generate 
easily when Ru was 90% or more. In other words, the inven 
tors discovered an amazing phenomenon that by optimizing 
the atomic composition of RuTa alloy, a Cu film formed by 
Cu-CVD would deposit in a manner filling fine via holes and 
contact holes. Using this method, RuTa alloy controlled at an 
optimal composition can form a Cu film by CVD while 
achieving favorable filling results, even when the film thick 
ness is very small, say, approx. 1 to 3 nm. As a result, low 
resistance via holes and contact holes can be formed. The 
inventors also examined whether films formed this way could 
be applied as Cul-diffusion barrier films. After examining the 
forming method and Cul-diffusion barrier property of RuTa 
alloy, the inventors found that favorable Cubarrier property 
could be achieved by forming a RuTa nitride or carbide 
nitride film. In an embodiment, favorable Cubarrier property 
was confirmed as a result of introducing nitrogenatoms by 15 
to 30%, or preferably by 20 to 25%. Also, these films not only 
serve as an underlayer for Cu deposition, but they also serve 
as a Cul-diffusion barrier. Accordingly, a simpler, more cost 
effective process can be achieved. 
0108. In an embodiment, therefore, filling can beachieved 
with a Cu film formed by chemical vapor deposition and Cu 
barrier property can also be ensured when Ru/(Ru+Ta) is 0.6 
to 0.9 and the atomic ratio of N is 20 to 25%. It has been 
confirmed that the aforementioned object can be achieved 
when these conditions are satisfied. In an embodiment where 
an organic metal material is used, the same characteristics can 
be achieved even when the carbon content in the film is 5 to 
15%. 

0109. In an embodiment, another effective method is pre 
sented for achieving both barrier property and CVD-Cu fill 
ing property, which is to use a RuTaalloy containing nitrogen 
as mentioned above to form a Cubarrier layer, and layer it 
with another RuTa alloy not containing nitrogen and whose 
RuTa composition has been controlled to a condition that 
allows for easy formation of a CVD-Cu film. In this case, a Cu 
film can be formed by chemical vapor deposition to fill fine 
via holes by controlling the Ru?(Ru-Ta) composition ratio in 
the RuTa carbide to, say, 70 to 95%. 
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0110. As explained above, in an embodiment of the 
present invention the technical problems can be resolved by 
implementing a filling process using a Cu film formed by 
chemical vapor deposition on a single underlayer constituted 
by Ru, Ta, N and C, instead of using the conventional method 
of forming a Cu seed on a RuTa alloy to provide Cu plating, 
or the method of forming a Cu seed on a Rufilm to provide Cu 
plating, or even the method of directly plating Cu on a Ru 
film. 

0111. In an embodiment, a Cu film can be formed on a 
single-layer RuTaNC film by chemical vapor deposition by 
controlling the Ru/(Ru+Ta) ratio within a range of 60 to 90%. 
In an embodiment where a RuTaC film is layered with a 
RuTaNC film provided as a barrier film, on the other hand, 
fine via holes can be filled in a favorable manner by control 
ling the Ru/(Ru+Ta) ratio in the RuTaC film within a range of 
70 to 95%. These RuTaNC film and RuTaC film can be 
formed Successively using the same process apparatus, and 
they can be effectively included in a single RuTa alloy form 
ing process. 
0112 The above presented a process of forming a Cu film 
by chemical vapor deposition on a nitride film, carbide-ni 
tride film or carbide film constituted by an alloy of Ru and Ta, 
and then filling wiring connection holes or fine via holes. 
Even when via holes for dual damascene wiring are filled with 
copper, in the wiring area a copper film formed by chemical 
vapor deposition can be used as a seed layer for electrolytic 
plating. From industrial viewpoints, this is advantageous 
because the electrolytic plating cost is low and existing manu 
facturing apparatuses can be used. Of course, if this copper 
film by chemical vapor deposition is not used to fill via holes, 
the film functions as a seed layer, in which case both via holes 
and wiring layers can be filled with copper by means of 
electrolytic plating just like in normal dual damascene wiring 
processes. 
0113. The aforementioned ranges vary depending on the 
copper filling method (plasma ALD, thermal ALD, etc.), cop 
per material, aspect ratio of the connection hole, types of 
metal atoms other than Ru (Ta, Ti and other metals not having 
ideal adhesion with copper), and so on. In another embodi 
ment, for example, filling by Cu-CVD is possible without 
generating seams and Voids in a Ru range of approx. 40 to 
80%. 

0114. In this range of Ru Ta composition ratios, it is 
considered that Cu grows more slowly on the side face of the 
connection hole compared to the speed at which it grows on 
the bottom face of the hole. Since the film quality of a Ru Ta 
alloy film has strong dependence on the plasma processing 
conditions, the film quality on the side face can also be con 
trolled by applying bias Voltage to the Substrate, for example. 
Accordingly, one reason why Cu deposition is Suppressed on 
the side face is estimated to be a larger amount of C and N 
atoms mixing on the side face. In this case, Cu filling char 
acteristics can be improved by adjusting the Ru/(Ru+Ta+N+ 
C) ratio to 50% or less on the side face, when the same ratio 
is approx. 50 to 80% (or 60 to 70% in an embodiment) at the 
bottom of the via hole. For your information, the Ru?(Ta+Ru) 
ratio does not seem to change much between the bottom face 
and side face. It is estimated that the main difference is the 
atomic composition of N and C, where there are more N and 
C on the side face than the bottom face. This is probably 
because plasma exerts stronger action on Surfaces parallel 
with the substrate. In other words, it is estimated that by 
applying bias Voltage, the plasma effect on the bottom face 
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increases and mainly the carbon and nitride composition 
ratios decrease, and as a result the Ru composition ratio 
relative to all elements generally increases. 
0.115. It is believed that if bias voltage, etc., is not applied, 
then C and N contents should not be different between the 
bottom face and side face. In the case of atomic layer depo 
sition using plasma, however, the effect of self-bias Voltage 
leads to a difference between the side face and bottom face in 
how ions carried by plasma contact them. As a result, self-bias 
Voltage is generated in the grounded substrate even when bias 
Voltage is not applied to the Substrate, and this causes differ 
ences in N and C contents. Still, the present invention is not 
limited in any way by any of the above theories and estima 
tions. 

0116. In the case of atomic layer deposition, the Ru?(Ta+ 
Ru) ratio can be adjusted by the ratio of pulses at which 
material gases are introduced. Basically the same argument 
provided above also applies to the optimal Ru/(Ta+Ru) 
atomic ratio in atomic layer deposition where plasma is not 
used. 

0117 The present invention includes the above mentioned 
embodiments and other various embodiments including the 
following: 
0118 1) A Cu wiring and method for forming wiring, 
characterized in that in a connection hole formed in a manner 
penetrating through an interlayer insulation film to connect 
wirings formed on a silicon Substrate, an alloy film containing 
at least one type of metal atom and Ru or a nitride film, 
carbide film or nitride-carbide film of the alloy is formed, 
after which a Cu film is formed to fill the connection hole. 

0119 2) A Cuwiring for connecting wires and method for 
forming wiring, characterized in that in a connection hole 
formed in a manner penetrating through an interlayer insula 
tion film to connect wirings formed on a silicon Substrate, an 
alloy film containing at least one type of metal atom and Ru or 
a nitride film, carbide film or nitride-carbide film of the alloy 
is formed on a first metal film to be used as a Cul-diffusion 
barrier, after which a Cu film is formed to fill the connection 
hole. 

I0120 3) A Cu wiring and method for forming wiring 
according to 1) or 2) above, characterized in that the Ru 
composition ratio in the alloy film containing at least one type 
of metal atom and Ru or a nitride film, carbide film or nitride 
carbide film of the alloy on the side face of the connection 
hole is smaller than the composition ratio on the bottom face 
of a contact hole or flat area of the substrate. 

I0121 4) A Cu wiring and method for forming wiring 
according to 1) or 2) above, characterized in that the compo 
sition ratio of the metal atom in the alloy film containing at 
least one type of metal atom and Ru or a nitride film, carbide 
film or nitride-carbide film of the alloy on the side face of the 
connection hole is greater than the composition ratio on the 
bottom face of a contact hole or flat area of the substrate. 

0.122 5) A Cu wiring and method for forming wiring 
according to any one of 1) to 4) above, characterized in that 
the alloy film containing at least one type of metal atom and 
Ru or a nitride film, carbide film or nitride-carbide film of the 
alloy is formed by atomic layer deposition, comprising: 
repeating Z times the first process where a step to Supply a 
material gas containing the first metal atom, and a step to 
Supply a reactant gas that chemically reacts with the material 
containing the first metal atom, are repeated X times and the 
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second process where a step to Supply a material gas contain 
ing Ru, and a step to Supply a reducing gas, are repeated Y 
times. 
0123. In the above, any repeating processes disclosed in 
U.S. patent application Ser. No. 11/955,275, which is owned 
by the same assignee as in the present application, can be used 
in embodiments of the present invention (the disclosure of the 
cyclical processes taught in the above applications is herein 
incorporated by reference in their entirety). 
0.124 6) A Cu wiring and method for forming wiring 
according to 5) above, characterized in that in the step to 
Supply a material gas containing Ru and step to supply a 
reducing gas, the reducing gas is activated by applying high 
frequency plasma. 
0.125 7) A Cu wiring and method for forming wiring 
according to 6) above, characterized in that when high-fre 
quency plasma is applied to the reducing gas, negative Voltage 
is applied to a heating table on which the Substrate having the 
contact hole is placed. 
0126 8) A Cu wiring and method for forming wiring 
according to any one of 1) to 7) above, characterized in that 
the reducing gas is hydrogen. 
0127 9) A Cu wiring and method for forming wiring 
according to any one of 1) to 7) above, characterized in that 
the reducing gas is a mixed gas of nitrogen and hydrogen. 
0128 10) A Cu wiring and method for forming wiring 
according to any one of 1) to 9) above, characterized in that 
the first metal is Ta or Ti. 
0129. 11) A Cu wiring and method for forming wiring 
according to any one of 1) to 10) above, characterized in that 
the Cu film is formed by chemical vapor deposition. 
0130 12) A Cu wiring and method for forming wiring 
according to 11) above, characterized in that (trimethylvinyl 
silyl)hexafluoroacetylacetonato copper is used as the Cu 
material applied in the chemical vapor deposition of the Cu 
film. 
0131) 13) A Cu wiring and method for forming wiring 
according to any one of 1) to 12) above, characterized in that 
the Cu film is formed by plating. 
0132) 14) A Cu wiring and method for forming wiring 
according to any one of 1) to 13) above, characterized in that 
the metal atom is Ta and the material vapor containing Ta 
atoms is at least one selected from TAIMATA (Tertia 
ryamylimidotris(dimethylamido)tantalum), TBTDET (Ta 
(N-i-C4H9)N(C2H5)23) and PDMAT (TaN(CH3)25), 
among others. 
0.133 15) A Cu wiring and method for forming wiring 
according to any one of 1) to 13) above, characterized in that 
the metal atom is Ti and the material vapor containing Ti 
atoms is at least one selected from Tetrakisdiethylaminotita 
nium and Tetrakisdimethylaminotitanium, among others. 
0134. With respect to adhesion with Cu, TiN has poor 
adhesion with Cu. Accordingly adding Ruimproves the adhe 
sion with Cu. For your information, improvement can also be 
expected from adding Ru to metal atoms having poor adhe 
sion with Cu, other than Ta and Ti. 
0135 16) A Cu wiring and method for forming wiring 
according to any one of 1) to 15) above, characterized in that 
the material vapor containing Ru atoms contains two ligands 
constituted by B-diketone groups. 
0136. 17) A Cu wiring and method for forming wiring 
according to any one of 1) to 15) above, characterized in that 
the material vapor containing Ru atoms is a ruthenium com 
plex containing cyclic dienyl or non-cyclic dienyl. 
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0.137 In the above, the material containing Ru atoms is 
expressed by the formulas below, for example: 

(1) 
X1 X2 

O. O. 
M / 
Ru 

-/\- 
O O 

X2 X1 

0.138 wherein X1 and X2 are each independently CH3, 
C(CH3)3, CH(CH3)2, or CH2(CH3). 

(2) 
X1 X3 

FO OF 
M / 
Ru 

-/\- 
O O 

X2 X4 

(0.139. Wherein X1 to X4 are each independently CH3, 
C(CH3)3, CH(CH3)2, or CH2(CH3), with a proviso that if 
X1 and X4 are the same, X2 and X3 are different. 
0140. In addition to the above, any Ru-containing com 
pounds disclosed in U.S. patent application Ser. No. 1 1/469, 
828 and Ser. No. 1 1/557,891 and U.S. Provisional Applica 
tion No. 60/976,378, all of which are owned by the same 
assignee as in the present application, can be used in embodi 
ments (the disclosure of the Ru-containing precursor com 
pounds taught in the above applications is hereinincorporated 
by reference in their entirety). 
0141 18) A Cu wiring and method for forming wiring 
according to any one of 1) to 15) above, characterized in that 
the aspect ratio of the connection hole is 2 or more, or in an 
embodiment 5 or more (such as 5 to 15). 
0142. 19) A method for forming metal wiring character 
ized by comprising: a step to form in an interlayer insulation 
film formed by covering the lower-layer conductive layer 
formed on a silicone Substrate a connection hole connecting 
to the lower-layer conductive layer providing a wiring pat 
tern, or both a connection hole connecting to the lower-layer 
conductive layer and a wiring groove connecting to this con 
nection hole; a step to form an alloy film constituted by Ru 
and Ta, or by Ru and Ti, to be used as a copper-diffusion 
barrier; and a step to implement chemical vapor deposition 
using a copper or copper compound to fill the connection hole 
connecting to the lower-layer conductive layer, or both the 
connection hole connecting to the lower-layer conductive 
layer and wiring groove connecting to this connection hole, at 
least partially using the copper or copper compound. 
0143. 20) A method for forming metal wiring according to 
19) above, characterized by comprising, after the steps 
described in 19) above, a step to furtherform copper by means 
of electrolytic plating by using, as a seed layer for electrolytic 
plating, the copper or copper compound film formed by 
chemical vapor deposition, in order to fill the connection hole 
connecting to the lower-layer conductive layer, or both the 
connection hole connecting to the lower-layer conductive 
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layer and wiring groove connecting to this connection hole, 
using the copper or copper compound. 
0144. 21) A method for forming copper wiring according 

to 19) or 20) above, characterized in that the alloy film con 
stituted by Ru and Ta, or by Ru and Ti, to be used as a 
copper-diffusion barrier is a nitride film, carbide film or car 
bide-nitride film. 
0145 22) A method for forming copper wiring according 

to 19) or 20) above, characterized in that the alloy film con 
stituted by Ru and Ta, or by Ru and Ti, to be used as a 
copper-diffusion barrier is a laminate film comprising a 
nitride film or carbide-nitride film and a carbide film of Ru 
and Ta or Ru and Ti or Ru film. 
0146 23) A method for forming copper wiring according 

to 22) above, characterized in that the alloy film constituted 
by Ru and Ta, or by Ru and Ti, to be used as a copper-diffusion 
barrier has a Ru/(Ru+Ta) composition ratio or Ru/(Ru+Ti) 
composition ratio of 60 to 90%. 
0147 24) A method for forming copper wiring according 

to 22) above, characterized in that the carbide film constitut 
ing the alloy film of Ru and Ta or Ru and Tihas a Ru?(Ru--Ta) 
composition ratio or Ru/(Ru+Ti) composition ratio of 70 to 
95%. (95% not included?) 
0148 25) A method for forming copper wiring according 

to 22) above, characterized in that the Ru film has a Ru 
composition ratio of 90% or more. 
0149 26) A method for forming copper wiring according 

to any one of 19) to 21) above, characterized in that a metal 
film to be used as a copper-diffusion barrier is formed in the 
lower layer of the alloy film constituted by Ru and Ta, or by 
Ru and Ti, to be used as a copper-diffusion barrier. 
0150. 27) A method for forming copper wiring according 

to 26) above, characterized in that the metal film to be used as 
a copper-diffusion barrier is TiN, Ti, TaN, Ta, TiSiN, TaSiN. 
TCN or TaCN. 
0151. 28) A method for forming copper wiring according 

to 26) above, characterized in that the metal film to be used as 
a copper-diffusion barrier contains Ru. 
0152 29) A method for forming copper wiring according 

to 28) above, characterized in that the metal film to be used as 
a copper-diffusion barrier is constituted by RuTaN, RuTiN. 
RuN, RuTaNC, RuTiNC or RuNC. 
0153. 30) A method for forming copper wiring according 

to any one of 19) to 26) above, characterized by comprising: 
a step to supply Ta material or Ti material for the alloy film 
constituted by Ru and Ta, or by Ru and Ti, to be used as a 
copper-diffusion barrier; a step to discharge the Tamaterial or 
Timaterial; a step to implement plasma using a reducing gas 
containing H2 or gas containing H2/N2; a step to Supply Ru 
material; a step to discharge the Ru material; and a step to 
apply plasma using He or a gas containing H2/N2. 
0154 The detailed explanations of favorable embodi 
ments provided below should reveal specific modes for car 
rying out the present invention. 
0155 As an embodiment of the present invention, an 
example of a Cu wiring structure and method for forming 
such structure, as shown in FIG. 1, is explained. FIG. 1(a) 
shows a contact hole 7 formed in a manner penetrating 
through an interlayer insulation film 6 to connect diffusion 
layers 2, 3 on a silicon Substrate 1 and wiring layers on the 
substrate. In FIG. 1(b), a Cul-diffusion barrier metal 8 (ex 
amples of the Cubarrier metal film shown in FIG. 1 include 
Ta, TaN, TaNC, Ti, TiN and TiNC, among others). In FIG. 
1(c), an alloy film 9 in a flat area on the top face of the contact 
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hole, an alloy film 10 on the side face of the contact hole, and 
an alloy film 11 at the bottom of the contact hole, are further 
formed (using, for example, thermal or plasma atomic layer 
deposition), where all alloy films contain at least one type of 
metal atom and Ru. 

0156. As for at least one type of metal atom, Ta or Ti is an 
optimal metal. Here, the alloy films containing at least one 
type of metal atom and Ru are formed Successively in the 
contact hole 7, but the Ru composition of each film is differ 
ent. In FIG.1(d), a Cu film 12 is formed by means of chemical 
vapor deposition, for example. Although chemical vapor 
deposition is a favorable way to form a Cu film, adding Ru 
facilitates Cu deposition. It is estimated that the same applies 
to electrolytic plating or non-electrolytic plating in a liquid 
phase where deposition of Cu film is also facilitated by addi 
tion of Ru. 
0157 At this time, a Cu film can be formed successively 
on the alloy films 9, 10, 11 to fill the contact hole 7, without 
forming voids and seams. In FIG.1(e), a Cuplug 13 is formed 
in the contact hole 7 by polishing the Cu film 12 by means of 
CMP. Furthermore in FIG. 1(f), an upper-layer Cu wiring 14 
is formed. Numeral 5 in FIG. 1 indicates a transistor gate 
electrode wiring. Because this Ru alloy film is formed on a Cu 
barrier film 8 having sufficient reliability, diffusion of Cu into 
the transistor's diffusion layer is effectively prevented and 
this in turn prevents deterioration of transistor characteristics. 
However, the structure need not have a transistor, Such as a 
structure in which a Ru alloy film 9 is formed in a similar 
manner on a Cubarrier film 8 for preventing diffusion of Cu. 
0158 FIG.2 shows the pulse ratio of Ta and Ruandatomic 
ratio of Ta and Ru. In order that contact holes can be filled in 
a suitable manner by Cu-CVD, the Ru/(Ta+Ru) atomic ratio 
in the film is preferably in a range of approx. 60 to 90%. The 
atomic ratio, and pulse ratio in the ALD process, shown in this 
graph apply to the Ta material and Ru material used in an 
embodiment of the present invention. If other Tamaterial and 
Ru material are used, an optimal pulse ratio will change. 
Accordingly, the pulse ratio is adjusted according to the mate 
rials (if other materials are used, an optimal pulse ratio will 
change to 1:5, etc., instead of 1:2). On the other hand, carbon 
and nitrogenatoms are also contained in addition to Ruand Ta 
atOmS. 

0159. In FIG.3(a), a connection hole 104 is formed in an 
interlayer insulation film 103 provided on the lower-layer 
wiring 102 inside an interlayer insulation film 101. Here, a 
TaN film or TaNC film 105 is formed as a Cubarrier film, and 
an alloy film of Ta and Ru 106 is formed further. This alloy of 
Ta and Ru is formed by atomic layer deposition shown in FIG. 
4. Here, the pulse ratio of Ta and Ru is 1. Atomic layer 
deposition is basically implemented by repeating a sequence 
comprising four steps, including a step to Supply material to a 
Substrate, a step to purge the material, a step to apply hydro 
gen plasma, and a step to purge the hydrogen. In FIG. 4. 
repeating the atomic layer deposition of Tamaterial and that 
of Ru material forms an alloy film constituted by Ta and Ru. 
(0160. In an embodiment, Rumaterials that can be used for 
this purpose have a molecule with two P-diketone ligands 
expressed by chemical formula (1) or (2). These materials are 
broken down by hydrogen plasma to give Ru. Accordingly, 
the Ta—Ru alloy 106 shown in FIG. 4 can be formed by 
atomic layer deposition using plasma as shown in FIG. 4. In 
the case of atomic layer deposition using plasma, self-bias 
voltage is applied to the substrate and therefore the reaction 
tends to accelerate on Surfaces running in parallel with the 
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Substrate plane due to hydrogen ions, and this effect is notable 
with the aforementioned Ru materials. Accordingly, the Ru 
composition ratio is higher and the film is finer at the bottom 
face compared to the side face of the connection hole. 
0161. On the other hand, Ta of the same composition can 
be formed on both the side face and bottom face of the 
connection hole if TAIMATA (Tertiaryamylimidotris(dim 
ethylamido)tantalum), TBTDET (Ta(N-i-C4H9)N(C2H5)2 
3), PDMAT (TaN(CH3)25) or the like is used as a Tamate 
rial. Therefore, in atomic layer deposition based on a 
combination of Ta and Ru, the Ru composition varies 
between the side face and bottom face of the connection hole. 
The schematic views provided by FIGS. 3(b), (c) and (d) 
show the process of Cu film deposition. As you can see, the 
deposition speed is fast on the bottom face (107), while the 
speed is slow on the side face (108), and the connection hole 
is filled (109) as a film is deposited at these different speeds. 
0162 FIG. 1 shows an embodiment for a contact hole, 
while FIG. 3 shows an embodiment for a via hole. While the 
Cubarrier metal film 8 provides the underlayer for a Ru alloy 
film in FIG. 1, in FIG. 3 the Cubarrier film 105 (TaN film, 
TaNC film) provides the underlayer. In the case of a contact 
hole, the bottom of the contact hole is constituted by silicon or 
metal silicide, and the Cubarrier metal 8 is formed on top. In 
the case of a via hole, on the other hand, the lower layer 102 
is likely a Cu wiring or W wiring. If the lower layer is a Cu 
wiring, an alloy having good adhesion with Cu is needed as a 
Cubarrier metal. If the lower layer is a W wiring, however, 
normalTaN or TaNC is sufficient. A normal TaN or TaNC film 
is also sufficient at the bottom of a contact hole because the 
underlayer is not Cu. Accordingly, the barrier metal structure 
for contact holes and via holes should be changed depending 
on whether a Cu wiring is present in the lower layer. If Cu is 
present in the underlayer, the Cubarrier film can be consti 
tuted by a TaN, TaNC, TiN, TiMC or RuTaNC film. A Ru 
alloy film can also be used, just like a seed layer, although the 
composition may be different from a seed layer. 
0163 FIG. 5 shows the structure of an atomic layer depo 
sition apparatus that can be used in an embodiment of the 
present invention. 
0164. A shower head 302 and a substrate heating table 303 
are installed in an reaction apparatus 301, and an exhaust 304 
for evacuation is connected to the reaction apparatus. An 
introduction port for mixing material gas 305 is connected to 
the shower head 302. Connected to this introduction port for 
mixing material gas 305 is a material gas introduction pipe. 
Hydrogen gas is introduced through an introduction valve 
311 from a flow-rate control 320. Ru material is introduced 
through an introduction valve 309. With Ru material, argon 
gas being a carrier gas is introduced from a flow-rate control 
318 via a valve 314 into a Ru material 323 in a material bottle 
322. The bottle 322 is maintained in a heated condition to 
achieve the necessary vapor pressure. Vapor of the Ru mate 
rial 323 is introduced by the argon carrier from the valve 309 
through a valve 313. Ta material is introduced from an intro 
duction valve 307. With Tamaterial, argon gas being a carrier 
gas is introduced from a flow-rate control 319 via a valve 317 
into a Tamaterial 325 in a material bottle 324. The bottle 324 
is maintained in a heated condition to achieve the necessary 
vapor pressure. Vapor of the Ta material 325 is introduced by 
the argon carrier from the valve 307 through a valve 316. 
0.165 Next, another embodiment of the present invention 

is explained. FIG. 6 shows an example of a process to form 
next-generation Cu wiring based on dual damascene. Shown 
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in FIGS. 6(a) to (e) are schematic cross-section views of apart 
of copper wiring formed on a silicon Substrate. In FIG. 1(a). 
an interlayer insulation film 202 is formed on a Cu wiring 
201, and a Cu wiring via hole area 203 and a Cu wiring area 
204 are formed in this interlayer insulation film 202. In FIG. 
6(b), a RuTaalloy film 205 to be used as a Cul-diffusion barrier 
layer is formed by atomic layer deposition. This forming 
method is explained separately using the process sequence in 
FIG. 7. 

0166 In FIG. 6(c), a Cu film is formed on the RuTa alloy 
film 205 by chemical vapor deposition. This Cu film becomes 
a Cuplug 206 and Cu seed layer 207 as explained below. In 
this case, the filling performance of Cu film can be controlled 
by controlling the atomic composition of RuTa alloy. By 
implementing an optimal Ru Ta composition, fine via holes 
can be filled using a Cu film formed by chemical vapor 
deposition. In FIG. 6(c), the via hole is almost completely 
filled with a Cu film formed in the via hole area 203. Here, Cu 
filling the via hole area 203 is considered the Cuplug 206. On 
the other hand, the Cuwiring area 204 is not filled using Cuby 
chemical vapor deposition. A Cu film by chemical vapor 
deposition is formed over the surface of the Cu wiring area 
204, and therefore this Cu film can be used as a seed layer for 
electrolytic plating in the next step. Accordingly, the Cu film 
formed in this Cu wiring area 204 is considered the Cu seed 
layer 207. 
0.167 Next, FIG. 6(d) provides a schematic cross-section 
view showing a Cu plating film 208 formed by using this Cu 
seed layer 207 as a seed layer for electrolytic plating. In FIG. 
6(e), an extra Cu film formed by Cu plating is flattened in a 
CMP step. This flattening by CMP forms a Cu wiring 209. 
According to one definition, a via hole area electrically con 
nects the wiring structures above and below it in the thickness 
direction of the interlayer structure, while a wiring area builds 
a wiring structure in the direction of vertical plane in the 
thickness direction. 
0168 Although not illustrated in FIG. 6, this embodiment 

is also applicable to a pattern having only contact holes or via 
holes, where the contact holes or via holes can be filled by 
copper by forming a Cu film through chemical vapor depo 
sition after forming a RuTa alloy film having an optimal 
composition. This filling can be implemented in the form of 
filling the hole halfway, and then filling the remainder by 
electrolytic plating. 
0169. As for the method for forming Cu wiring based on 
Cu dual damascene as shown in the embodiment illustrated 
by FIGS. 6(a) to (e), the fine via hole area 203 is filled by Cu 
through chemical vapor deposition, while the wiring area 204 
is mainly filled by electrolytic plating. 
0170 FIGS. 7, 8 and 9 explain an example of a process to 
form a RuTa film to be used as the Cul-diffusion barrier film 
205 in order to implement the process shown in FIG. 6. In 
FIG. 7, Tamaterial is introduced and purged and H2 plasma is 
applied in this order for X cycles, and then Ru material is 
introduced and purged and H2/N2 plasma is applied in this 
order for Y cycles. In this case, after the introduction of Ta 
material the adsorbed Ta material is broken down by plasma, 
and it is estimated that formation of Ta—C bond and Ta—N 
bond is promoted at the same time. Also, after the introduc 
tion of Ru material the adsorbed Ru material is broken down 
by plasma, and it is estimated that formation of Ru—N bond 
is promoted at the same time. When this happens, Ta N 
bond is also introduced to Ta, as well. Accordingly, a film 
containing Ru, Ta, N and C is formed, and a nitride film or 
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carbide-nitride film is formed as a result. The atomic ratio of 
Ta and Ru is controlled by repeating the Ta atomic layer 
deposition cycle X times (such as once or twice, but prefer 
ably once), or repeating the Ru atomic layer deposition cycle 
Y times (such as once to 5 times, but preferably twice to 4 
times), while the film thickness (such as 1 to 4 nm, but 
preferably 1 to 2 nm) is determined by repeating the X and Y 
cycles Z times (such as 10 to 30 times, but preferably 10 to 20 
times). In an embodiment, mainly X is fixed to 1, while Y is 
controlled in a range of 1 to 5. Accordingly, in an embodiment 
Y is greater than X. This is because although 0.5 A of Ta 
deposits in one cycle, only 0.2A of Ru deposits per cycle, and 
therefore Y, representing Ru pulses, needs to be increased to 
raise the Ru composition ratio. 
(0171 In FIG. 8, H2/N2 plasma is used after the introduc 
tion of Ta material, and also H2/N2 plasma is used after the 
introduction of Ru material. Here, after the introduction of Ta 
material the adsorbed Ta material is broken down by plasma 
and at the same time the Natoms contained in the material 
form Ta N bond and Ta–C bond, while introduction of N2 
gas by means of H2/N2 plasma nitrides Ta easily. As a result, 
nitrogen can be increased further compared to the forming 
method shown in FIG. 7. After the introduction of Ru mate 
rial, the adsorbed Ru material is broken down by plasma and 
at the same time formation of Ru—N bond is promoted. 
When this happens, Ta N bond is introduced further. 
Accordingly, a film containing Ru, Ta, N and C, or nitride film 
or carbide-nitride film is formed. As in FIG. 7, the atomic 
ratio of Ta and Ru is controlled by repeating the Ta atomic 
layer deposition cycle X times, or repeating the Ru atomic 
layer deposition cycle Y times, while the film thickness is 
determined by repeating the X and Y cycles Z times. In an 
embodiment, mainly X is fixed to 1, while Y is controlled in 
a range of 1 to 5. Accordingly, in an embodiment Y is greater 
than X. This is because although 0.5 A of Ta deposits in one 
cycle, only 0.2 A of Ru deposits per cycle, and therefore Y. 
representing Ru pulses, needs to be increased to raise the Ru 
composition ratio. 
0172. In FIG.9, H2 plasma is used after the introduction of 
Ta material, and also H2 plasma is used after the introduction 
of Ru material. Here, after the introduction of Tamaterial the 
adsorbed Ta material is broken down by plasma and at the 
same time the Natoms contained in the material form Ta N 
bond, while after the introduction of Ru the adsorbed Ru 
material is broken down by plasma and the Ta N bond 
decreases. Accordingly, in this step carbon tends to enter 
relatively more than nitrogen. As a result, although a film 
constituted by Ru, Ta, N and C is formed the nitrogen com 
position ratio changes between 0 and 10 percent by atom, and 
can be adjusted to 1 percent by atom or less. Compared to the 
processes shown in FIGS. 7 and 8, this process forms a film 
having a smaller composition ratio of Natoms, and therefore 
a carbide-nitride film or carbide film can be formed. As in 
FIG. 7, the atomic ratio of Ta and Ru is controlled by repeat 
ing the Taatomic layer deposition cycle X times, or repeating 
the Ru atomic layer deposition cycle Y times, while the film 
thickness is determined by repeating the X and Y cycles Z 
times. In an embodiment, mainly X is fixed to 1, while Y is 
controlled in a range of 1 to 5. Accordingly, in an embodiment 
Y is greater than X. This is because although 0.5 A of Ta 
deposits in one cycle, only 0.2A of Ru deposits per cycle, and 
therefore Y, representing Ru pulses, needs to be increased to 
raise the Ru composition ratio. 
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(0173. In an embodiment, the method shown in FIG. 7 can 
control the nitrogen composition ratio between 15 and 25 
percent by atom, and the carbon composition ratio between 
10 and 15 percent by atom. The method shown in FIG. 8 can 
control the nitrogen composition ratio between 20 and 25 
percent by atom, and the carbon composition ratio between 
10 and 15 percent by atom. The method shown in FIG.9 can 
control the nitrogen composition ratio between approx. 0 and 
10 percent by atom, and the carbon composition ratio 
between 20 and 35 percent by atom. Although not illustrated, 
an embodiment can also be considered where H2/N2 plasma 
is used in the X cycle while H2 plasma is used in the Y cycle. 
This embodiment achieves roughly a similar control to what 
is shown in FIG. 7. The conditions for hydrogen plasma 
processing and hydrogen/nitrogen plasma processing are 
explained later. 
0.174. In the example shown in FIG. 10, a two-layer RuTa 
alloy structure is shown unlike under the forming methods for 
dual damascene wirings shown in FIG. 6. Shown in FIGS. 
10(a) to (e) are schematic cross-section views of a part of 
copper wiring formed on a silicon substrate. In FIG. 10(a), an 
interlayer insulation film 252 is formed on a Cu wiring 251, 
and a Cuwiring via hole area 253 and a Cuwiring area 254 are 
formed in this interlayer insulation film 252. 
0.175. In FIG. 10(b), a laminate structure comprising a 
RuTa nitride-carbide film 255 and a RuTa carbide film 256, 
both to be used as Cul-diffusion barrier layers, is shown. The 
RuTaalloy films are formed by the steps shown in FIGS. 8 and 
9, respectively. In FIG.10(c), a Culayer is formed by chemi 
cal vapor deposition on the RuTaalloy film 256. As explained 
below, the Cu film provides a Cuplug 257 and Cu seed layer 
258. In this case, the filling performance of Cu film can be 
controlled by controlling the atomic composition of RuTa 
alloy 256. By implementing an optimal Ru-Tacomposition, 
fine via holes can be filled using a Cu film formed by chemical 
vapor deposition. In FIG. 10(c), the via hole is almost com 
pletely filled with a Cu film formed in the via hole area 253. 
Here, Cu filling the via hole area 253 is considered the Cu 
plug 257. On the other hand, the wiring area 254 is not filled 
using Cuby chemical vapor deposition. A Cu film by chemi 
cal vapor deposition is formed over the surface of the Cu 
wiring area 254, and therefore this Cu film can be used as a 
seed layer for electrolytic plating in the next step. Accord 
ingly, the Cu film formed in this Cu wiring area 254 is con 
sidered the Cu seed layer 258. 
0176) Next, FIG.10(d) provides a schematic cross-section 
view showing a Cu plating film 259 formed by using this Cu 
seed layer 258 as a seed layer for electrolytic plating. In FIG. 
10(e), an extra Cu film formed by Cuplating is flattened in a 
CMP step. This flattening by CMP forms a Cu wiring 260. 
(0177 Although not illustrated in FIG. 10, this embodi 
ment is also applicable to a pattern having only contact holes 
or via holes, where the contact holes or via holes can be filled 
by copper by forming a Cu film through chemical vapor 
deposition after forming a RuTa alloy film having an optimal 
composition. This filling can be implemented in the form of 
filling the hole halfway, and then filling the remainder by 
electrolytic plating. 
0.178 As for the method for forming Cu wiring based on 
Cu dual damascene as shown in the embodiment illustrated 
by FIGS. 10(a) to (e), the fine via hole area 253 is filled by Cu 
through chemical vapor deposition, while the wiring area 254 
is mainly filled by electrolytic plating. 



US 2009/02091 01 A1 

(0179 FIG. 11 shows the Ru?(Ru+Ta) ratios in percent by 
atom for the RuTaNC film (according to Example 2) and 
RuTaC film (according to Example 1) formed by the methods 
shown in FIGS. 8 and 9, respectively. The ratio for the RuTaC 
film follows the same trend in the graph shown in FIG.2. Also 
with the RuTaNC film, the atomic ratio of Ru and Ta can be 
controlled by setting the continuation cycles of Tapulses and 
Ru pulses during atomic layer deposition to 1 and 1, 1 and 2. 
1 and 3, and 1 and 4, respectively. 
0180 A RuTaC film formed in an embodiment conform 
ing to the method shown in FIG.9 achieves good filling of via 
holes when the pulse ratio of Ta and Ru is 1:2. As for the 
specific range, the Ru?(Ru+Ta) atomic ratio is preferably in a 
range of 70 to 95%, including cases where the aforemen 
tioned pulse ratio is 1:1 or 1:3. On the other hand, favorable 
filling can be achieved with a RuTaNC film formed in an 
embodiment conforming to the method shown in FIG. 7 when 
the pulse ratio of Ta and Ru is 1:3. As for the specific range, 
the Ru?(Ru+Ta) atomic ratio is preferably in a range of 60 to 
90%, including cases where the aforementioned pulse ratio is 
1:2 or 1:4. 

0181 FIGS. 12A and 12B show the composition ratios 
based on Rutherford backscattering when a film was formed 
at a Ta Rupulse ratio of 1:2 using the method shown in FIG. 
9 (according to Example 1), and at a Ta Rupulse ratio of 1:2 
using the method shown in FIG. 8 (according to Example 2). 
When H2 plasma was used (FIG. 9, FIG. 12A), the Ru com 
position ratio tended to become higher. When H2/N2 plasma 
was used (FIG. 8, FIG.12B), the Ru composition ratio tended 
to be lower compared to when H2 plasma was used. The film 
compositions under H2 plasma and H2/N2 plasma are shown 
below. 

Detected Elements 

Ru Ta N C 

H. Plasma (Ta:Ru = 1:2) S3.6 13.6 32.8 
H2/N2 Plasma 42.1 22.O 23.8 11.8 
(Ta:Ru = 1:2) 

0182. On the other hand, FIGS. 13A and 13B, and the table 
below, show the dependence on the Ru Tapulse ratio of the 
atomic composition of a RuTa nitride-carbide film formed by 
H2/N2 plasma. When the Ta Ru pulse ratio was 1:2 (FIG. 
13A) or 1:3 (FIG. 13B), the Ru?(Ru+Ta) ratio increased as the 
Rupulses increased, but the nitrogen composition and carbon 
composition were roughly stable at around 23% and 12%, 
respectively. A RuTa nitride-carbide film of this nitrogen 
composition can ensure favorable Cu barrier property. 
Accordingly in the laminate RuTa alloy film shown in FIG. 
10, the RuTa nitride-carbide film 255 functions as a good Cu 
barrier film, while the Ru—Ta carbide film 256 functions as a 
seed layer for filling the via hole by Cu. 

Detected Elements 

Ru Tal N C 

Ta:Ru = 1.2 42.1 22.0 23.8 11.8 
Ta:Ru = 1:3 47.5 17.2 22.7 12.2 
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0183 Also, it is possible to form a film offering excellent 
Cubarrier property instead of the RuTa alloy film 205 shown 
in FIG. 6 or RuTa nitride-carbide film 2.55 shown in FIG. 10. 
When the adhesion with the copper wiring in the lower layer 
is considered, Ru content in this film is effective in improving 
the adhesion. To be specific, the RuTanitride-carbide film 255 
in FIG. 10 functions effectively as a Cubarrier or Cuadhesion 
layer. 
0.184 As explained above, FIGS. 7 to 9 show the manu 
facturing methods to form an alloy film constituted by Ta and 
Ruby repeating the atomic layer deposition of Ta material 
and atomic layer deposition of Ru material. In an embodi 
ment, Ru materials that can be used for this purpose may be 
those having a molecule with two B-diketone ligands. Or, 
materials having only cyclic dienyl groups or materials hav 
ing a non-cyclic dienyl group in either position can also be 
applied as Ru materials. 
0185. As for Tamaterial, TAIMATA (Tertiaryamylimidot 
ris(dimethylamido)tantalum), TBTDET (Ta(N-i-C4H9)|N 
(C2H5)23) or PDMAT (TaN(CH3)25) can be used. 
0186 These materials can form a RuTa alloy under either 
H2 plasma pulses or H2/N2 plasma pulses. When H2 plasma 
pulses shown in FIG. 9 are used, however, the RuTa alloy 
tends to become a carbide. When H2/N2 plasma pulses shown 
in FIGS. 7 and 8 are used, on the other hand, the RuTa alloy 
becomes a nitride or nitride-carbide. 

0187. Examples of the present invention are explained in 
further details below. 

0188 The present invention will be explained in detail 
with reference to drawings showing preferred embodiments 
of the present invention. However, the drawings are not 
intended to limit the present invention. In the present disclo 
Sure where conditions and/or structures are not specified, the 
skilled artisan in the art can readily provide Such conditions 
and/or structures, in view of the present disclosure, as a matter 
of routine experimentation. Additionally, in the present dis 
closure, the numerical numbers applied in embodiments can 
be modified by a range of at least +50% in other embodi 
ments, and the ranges applied in embodiments may include or 
exclude the endpoints. 

EXAMPLE 1. 

0189 An example where a Ta—Ru alloy is formed after a 
TaN film is formed as a Cubarrier over a connection hole 
similar to the one shown in FIG. 3 using the atomic layer 
deposition apparatus in FIG. 5 and sequence and process 
conditions shown in Table 1 below, is explained. 
0190. A substrate in which the connection hole shown in 
FIG.3(a) has been formed is introduced into the atomic layer 
deposition apparatus in FIG. 5. The apparatus shown in FIG. 
5 has a cassette loader 201, an atmospheric transfer robot 202, 
a load lock 203, a vacuum transfer chamber 204, and atomic 
layer deposition apparatuses 205, 206, 207 shown in FIG. 5. 
The atomic layer deposition apparatuses 205, 206, 207 are all 
connected to the same gas line, and also have a Ru material 
supply part 209, a Ta material supply part 210, a H2 gas 
Supply part 211, and argon gas Supply parts 208 for transport 
ing Ru material and Ta material, respectively. The reaction 
apparatuses 205, 206, 207 are connected to heated gas lines 
212, 213 and a hydrogen gas line 214. When introduced from 
the cassette loader of the apparatus shown in FIG. 5, a sub 
strate is transferred by the atmospheric transfer robot 202 to 
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the load lock 203 and vacuum transfer chamber 204 and 
finally introduced into the atomic layer deposition appara 
tuses 205, 206, 207. 
0191 In each atomic layer deposition apparatus, the trans 
ferred substrate having the structure shown in FIG. 3(a) is 
processed at a temperature of 300° C., vacuum of 1,000 Pa, 
hydrogen flow rate of 500 sccm and Argas flow rate of 1,200 
sccm for 1 minute. This is to reduce in a reducing atmosphere 
the oxide layer on the Cu wiring surface in the lower layer 
exposed at the bottom of a via hole 108, and consequently 
reduce the via resistance. After this step, the Cubarrier metal 
layer 105 shown in FIG.3(b) is formed. The metal layer 105 
is formed as a 3-nm TaN film 105 by repeating 50 times a 
sequence comprising only the Ta Supply step, Ta purge step, 
hydrogen plasma step and hydrogen purge step in FIG. 4. 
Thereafter, one Ta cycle and two Ru cycles are combined 
according to the cycle chart in FIG. 4 and repeated 20 times to 
form an alloy film constituted by Ta and Ru 106. Here, 
TAIMATA is used as the Tamaterial and a material conform 
ing to chemical formula (1) or (2) is used as the Ru material. 
0.192 FIG. 15 shows the obtained results. For comparison 
purposes, samples of the Ta—Ru alloy 106 in FIG. 4 formed 
at varying Ta—Ru pulse ratios of 1:1, 1:2 and 1:3, as well as 
a via hole sample of a pure Ru film formed, were used to 
evaluate the filling characteristics 7(A) by forming Cu film. 
FIGS. 15(A), (B) and (C) are cross-sections observed by a 
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confirmed to be free from voids and seams. FIG.16 shows the 
results of observing cross-sections of multiple via holes iden 
tical to the one formed in FIG. 15 at a Ta Ru pulse ratio of 
1:2. Cu filling was achieved in all via holes shown in FIG. 16, 
and all other observed via holes also exhibited equally favor 
able filling characteristics. 
0194 These results suggest that seams form more easily 
when the Ruatomicity increases compared to the Taatomic 
ity (=Rupulse ratio increases) as shown in FIGS. 2 and 15. On 
the other hand, as the Ta atomicity increases generation of 
voids becomes more likely. This is because the locations 
where the material, such as (trimethylvinylsilyl)hexafluo 
roacetylacetonato copper, adsorbs without being broken 
down increase when there are fewer Ru atoms. If there are 
more Ru atoms, on the other hand, Cu material breaks down 
at any location. The difference in Cu breakdown between the 
bottom and side face of the via hole becomes significant when 
the pulse ratio of Ta to Ru is 2, provided that the materials 
used in this embodiment of the present invention are used. 
This difference is explained as follows. In the plasma hydro 
gen step, plasma hydrogen and nitrogen step, or plasma NH3 
step during Ru-Ta forming, plasma processing occurs more 
efficiently at the bottom face of the via hole, while the con 
tribution of plasma is Smaller on the side face. As a result, a Cu 
film grows more slowly on the side face and faster on the 
bottom face. 

scanning electron microscope of the filled shapes obtained 0.195 Table 1 shows the specific process conditions. 

TABLE 1 

FIG. 6 step 

No Type Flow gas Tapulse Ta purge H2 pulse H2 purge Ru pulse Pu Purge H2 pulse H2 purge 

306 Valve Air Flow OFF ON(400) ON(400) ON(400) ON(400) ON(400) ON(400) ON(400) 
307 Valve Ta Material ON(400) OFF OFF OFF OFF OFF OFF OFF 
308 Walve Air Flow ON(400) ON(400) ON(400) ON(400) OFF ON(400) ON(400) ON(400) 
309 Valve Ru Material OFF OFF OFF OFF ON(400) OFF OFF OFF 
310 Valve Purge Ar Flow ON(400) ON(400) ON(400) ON(400) ON(400) ON(400) ON(400) ON(400) 
311 Valve H2 Flow OFF OFF ON(RF) OFF OFF OFF ON(RF) OFF 
312 Valve Ru Material OFF OFF OFF OFF OFF OFF OFF OFF 

Bypass 
313 Valve Ru Material Out ON ON ON ON ON ON ON ON 
314 Valve Ru Material In ON ON ON ON ON ON ON ON 
315 Walve Ta Material OFF OFF OFF OFF OFF OFF OFF OFF 

Bypass 
316 Valve Ta Material Out ON ON ON ON ON ON ON ON 
317 Valve Ta Material. In ON ON ON ON ON ON ON ON 
318 MFC Air Flow Osccm Osccm Osccm Osccm 400 sccm Osccm Osccm Osccm 
319 MFC Air Flow 400 sccm Osccm Osccm Osccm Osccm Osccm Osccm Osccm 
320 MFC H2 Flow Osccm Osccm 500 sccm Osccm Osccm Osccm 500 sccm Osccm 
321 MFC Air Flow 400 sccm 400 sccm 400 sccm 400 sccm 400 sccm 400 sccm 400 sccm 400 sccm 

when TaRu alloys formed with Ta Rupulse ratios of 1:1, 1:2 0196. As shown in Table 1, a substrate is transferred to the 
and 1:3 were covered with a Cu film formed by Cu-CVD 
using (trimethylvinylsilyl)hexafluoroacetylacetonato copper. 
0193 The via hole size was 75 nm in diameter, and the 
aspect ratio was 2.7. FIG. 15(D) is a cross-section observed 
by a scanning electron microscope of the filled shape 
obtained when only a Ru film was formed. As shown by the 
results in FIGS. 15(A), (B), (C) and (D), the Cu film was 
deposited roughly at the same speed in the flat area. As for the 
Cu film inside the via hole, on the other hand, notable differ 
ences are evident. In FIGS. 15(C) and (D), seams are 
observed in the Cu film. In FIG. 15(A), on the other hand, 
voids are observed. In FIG. 15(B), the filling Cu film was 

atomic layer deposition apparatus 301 and placed on the 
substrate heating table 303, after which the substrate is main 
tained in this condition normally for 50 seconds or so to 
achieve uniform heating. The Substrate heating table is set to 
300° C. (or 200 to 400° C. in an embodiment), while the 
actual wafer temperature is approx. 290° C. Next, argon gas 
(or otherinert gas; the same applies hereinafter) is Supplied by 
400 sccm (or 200 to 1,000 sccm in an embodiment) from 308 
and 310, respectively, according to the procedure in Table 1, 
and the 400 sccm of argon gas travels via the valve 317 from 
the argon flow-rate control 319, gets mixed with the vapor of 
the Ta material 325 and travels through the valve 316, to be 
supplied from the valve 307. The supply time of Ta material 
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can be normally set in a range of 0.5 to 2 seconds. At this time, 
the vacuum pressure is preferably controlled at approx. 300 to 
500 Pa. In doing this, an orifice can be provided in the valve 
307 to control the argon pressure in order to achieve stable 
flow rate control. 
0.197 Next in the Tapurge step, the moment the Ta supply 
valve 307 is closed the argon flow-rate control 319 is set to 0. 
as shown in Table 1. At the same time, argon gas is Supplied 
by 400 sccm (or 200 to 1,000 sccm in an embodiment) from 
the argon supply valve for purge 306 in the Ta supply line. 
Normally this purgetime is adjusted to approx. 1 to 5 seconds. 
The process pressure at this time is 50 Pa or less, and it is 
desired that the remaining Ta material be discharged at as low 
a vacuum level as possible. 
0198 Next, the hydrogen pulse step is performed. Here, 
hydrogen is supplied at a flow rate of 500 sccm (or 200 to 
1,000 sccm in an embodiment) by the hydrogen gas flow-rate 
control 320 by opening the hydrogen gas supply valve 311. 
Although not illustrated in FIG. 5, the high-frequency shower 
302 is impressed with electricity so that high-frequency 
power (0.1 to 30 MHz, 100 to 1,000 W) is applied between the 
shower and the heater stage 303, in order to generate hydro 
gen plasma through matching adjustment. At this time, the 
process pressure is set between 200 and 500 Pa. The process 
time is set to approx. 1 to 10 seconds. After this step, the H2 
purge step is performed. Here, the hydrogen introduction 
valve 311 is closed and evacuation is performed for approx. 1 
second. 
(0199 Next, implementation of the Ru atomic layer depo 
sition process is explained using Table 1. A Ru atomic layer 
can be formed in the same procedure applicable to atomic 
layer deposition using Ta material. 
0200. According to the procedure in Table 1, argon gas is 
supplied by 400 sccm (or 200 to 1,000 sccm in an embodi 
ment) from 306 and 310, respectively, and the 400 sccm of 
argon gas travels via the valve 314 from the argon flow-rate 
control 318, gets mixed with the vapor of the Rumaterial 323 
and travels through the valve 313, to be supplied from the 
valve 309. The supply time of Rumaterial can be normally set 
in a range of 0.5 to 10 seconds. This Supply time can be made 
longer when the vapor pressure of Ru material is low, or 
shorter when the vapor pressure is high. With the material 
used in this example, favorable atomic layer deposition could 
be achieved at a supply time of 5 second at 110°C. Also, the 
vacuum pressure during the Supply is preferably controlled to 
approx. 300 to 500 Pa. At this time, an orifice can be provided 
in the valve 309 to control the argon pressure in order to 
achieve stable flow rate control. 
0201 Next in the Rupurge step, the moment the Rusupply 
valve 309 is closed the argon flow-rate control 318 is set to 0. 
as shown in Table 1. At the same time, argon gas is Supplied 
by 400 sccm (or 200 to 1,000 sccm in an embodiment) from 
the argon supply valve for purge 308 in the Ru supply line. 
Normally this purgetime is adjusted to approx. 1 to 5 seconds. 
The process pressure at this time is 50 Pa or less, and it is 
desired that the remaining Ru material be discharged at as low 
a vacuum level as possible. Next, the hydrogen pulse step is 
performed. Here, hydrogen is supplied at a flow rate of 500 
sccm (or 200 to 1,000 sccm in an embodiment) by the hydro 
gen gas flow-rate control 320 by opening the hydrogen gas 
supply valve 311. Although not illustrated in FIG. 5, the 
high-frequency shower 302 is impressed with electricity so 
that high-frequency power (0.1 to 30 MHz, 100 to 1,000 W) 
is applied between the shower and the heater stage 303, in 
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order to generate hydrogen plasma through matching adjust 
ment. At this time, the process pressure is set between 200 and 
500 Pa. The process time is set to approx. 1 to 10 seconds. 
After this step, the H2 purge step is performed. Here, the 
hydrogen introduction valve 311 is closed and evacuation is 
performed for approx. 1 second. Based on the foregoing 
steps, a TaRu mixed metal layer 113 was formed. 
0202 The above explained the Ta atomic layer deposition 
process and Ru atomic layer deposition process. These pro 
cesses are repeated alternately, but the specific sequence Such 
as performing the Ta cycle once (typically once or twice) and 
Ru cycle twice (typically in a range of once to 10 times), etc., 
can be adjusted in order to optimize the filling by Cu. Also, the 
same procedure can be followed in an embodiment where the 
Tiatomic layer deposition process, etc., is used instead of the 
Ta atomic layer deposition process. 
0203 As shown in FIGS. 15 and 16, favorable results were 
obtained when one Ta cycle and two Ru cycles were com 
bined. 
0204 The Cu-CVD conditions used in this example are 
shown below. Normally in Cu-CVD, a Cu film is formed by 
means of thermal decomposition of (trimethylvinylsilyl) 
hexafluoroacetylacetonato copper. The material is vaporized 
by a vaporizer at a temperature of 60 to 80° C. by controlling 
the flow rate to 0.5 to 1 g/min based on liquid mass flow, and 
Supplied to the reaction apparatus. At this time, the reaction 
pressure should be in a range of 50 to 300 Pa, or preferably in 
a range of 100 to 200 Pa. Normally the forming temperature 
is 170 to 200°C., but this process was implemented by adjust 
ing the forming temperature to a range of 90 to 150° C., or a 
more preferred range of 100 to 130° C. The Cu material is 
mixed by the vaporizer using argon gas or H2 gas and Sup 
plied to the substrate. The flow rates of hydrogen and argon 
gas are both 300 to 1,000 sccm, or desirably 400 to 800 sccm 
or so, at which rates a favorable film can beformed fully. This 
process also was implemented within these ranges. A Cu film 
could beformed almost without problem with either argon or 
hydrogen. 
0205 With the Ta material and Ru material used in this 
example, favorable filling can be achieved as long as the 
Ru/(Ta+Ru) atomic ratio is in a range of 60 to 90%. Take note, 
however, that relatively large numbers of carbon and nitrogen 
atoms on the side face of the via hole may suppress Cu-CVD 
deposition. 
0206. In this example filling could be achieved at a pulse 
ratio of 1:2 and therefore bias voltage was not applied. How 
ever, application of bias Voltage is expected to improve the 
filling characteristics with fine holes, etc., having higher 
aspect ratios. When bias Voltage is applied, the atomic com 
position of Ru relative to all atoms increases at the bottom and 
decreases on the side face. 

EXAMPLE 2 

0207. An example of forming a RuTaalloy (RuTaNC film) 
using the method shown in FIG. 8 through a dual damascene 
wiring forming process, and then filling the via hole using a 
Cu film formed by chemical vapor deposition, and filling the 
wiring layer by Cu formed by electrolytic plating, is 
explained. 
0208 FIG. 14 is a schematic cross-section view showing 
the structure of the atomic layer deposition apparatus. Basi 
cally, this apparatus has the same structure as what is shown 
in FIG.5. A showerhead 302 and a substrate heating table303 
are installed in the reaction apparatus 301, and an exhaust 304 
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for evacuation is connected to the reaction apparatus. An 
introduction port for mixing material gas 305 is connected to 
the shower head 302. Connected to this introduction port for 
mixing material gas 305 is a material gas introduction pipe. 
Hydrogen gas is introduced through an introduction valve 
311 from a flow-rate control 320. Nitrogen gas is connected to 
the hydrogen gas flow channel from a flow-rate control 331 
via an introduction valve 332. Ru material is introduced 
through an introduction valve 309. With Ru material, argon 
gas being a carrier gas is introduced from a flow-rate control 
318 via a valve 314 into a Ru material 323 in a material bottle 
322. The bottle 322 is maintained in a heated condition to 
achieve the necessary vapor pressure. Vapor of the Ru mate 
rial 323 is introduced by the argon carrier from the valve 309 
through a valve 313. Ta material is introduced from an intro 
duction valve 307. With Tamaterial, argon gas being a carrier 
gas is introduced from a flow-rate control 319 via the valve 
317 into a Tamaterial 325 in a material bottle 324. The bottle 
324 is maintained in a heated condition to achieve the neces 
sary vapor pressure. Vapor of the Ta material 325 is intro 
duced by the argon carrier from a valve 307 through a valve 
316. 
0209 FIG.10(b) shows an embodiment where a laminate 
RuTa alloy film comprising a RuTa alloy nitride-carbide film 
255 and a Ru Ta alloy carbide film 256 is formed. This 
embodiment can be implemented by the apparatus explained 
above. 
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0210. The RuTaNC film was formed under the conditions 
shown in Table 2. Since the conditions were basically the 
same as the forming conditions for RuTaC film in Example 1, 
except that N2 gas was introduced and H2/N2 plasma was 
used, the repetitive descriptions are omitted. After the Ta 
pulsing and Ta purge, H2/N2 plasma processing was imple 
mented as follows. As shown in Table 2, hydrogen is Supplied 
from the hydrogen gas flow-rate control 320 at a flow rate of 
500 sccm (or 200 to 1,000 sccm in an embodiment) by open 
ing the hydrogen gas Supply valve 311. At the same time, 
nitrogen is Supplied from the nitrogen gas flow-rate control 
331 at a flow rate of 50 sccm (or 1 to 50 sccm in an embodi 
ment; hydrogen flow rated nitrogen flow rate) via the valve 
332, to supply a mixed gas of H2 and N2. Although not 
illustrated in FIG. 14, the high-frequency shower 302 is 
impressed with electricity so that high-frequency power (0.1 
to 30 MHz, 100 to 1,000 W) is applied between the shower 
and the heater stage 303 in order to generate hydrogen/nitro 
gen plasma through matching adjustment. At this time, the 
process pressure is set between 200 and 500 Pa. The process 
time is set to approx. 1 to 10 seconds. After this step, the purge 
step is performed. Here, the hydrogen/nitrogen introduction 
valve 311 is closed and evacuation is performed for approx. 1 
second. 

TABLE 2 

step 

Type Flow gas Tapulse Tapurge H2N2 pulse purge 

Walve Air Flow OFF ON(400) ON(400) ON(400) 
Valve Ta Material ON (400) OFF OFF OFF 
Walve Air Flow ON(400) ON(400) ON(400) ON(400) 
Valve Ru Material OFF OFF OFF OFF 
Valve Purge Air Flow ON(400) ON(400) ON(400) ON(400) 
Walve H2 Flow OFF OFF ON(RF) OFF 
Valve Ru Material Bypass OFF OFF OFF OFF 
Valve Ru Material Out ON ON ON ON 
Valve Ru Material In ON ON ON ON 
Valve Ta Material Bypass OFF OFF OFF OFF 
Walve Ta Material Out ON ON ON ON 
Valve Ta Material In ON ON ON ON 
MFC Air Flow Osccm Osccm Osccm Osccm 
MFC Air Flow 400 sccm Osccm Osccm Osccm 
MFC H2 Flow Osccm Osccm 500 sccm Osccm 
MFC Air Flow 400 sccm 400 sccm 400 sccm 400 sccm 
MFC N2 Flow O O 50 sccm O 

0211 Next, implementation of the Ruatomic layer depo 
sition process is explained using Table 3. A Ru atomic layer 
can be formed in the same procedure applicable to atomic 
layer deposition using Tamaterial. Since this process could be 
implemented in the same procedure as the Ru atomic layer 
deposition process in Example 1, except that H2/N2 plasma 
was used, repetitive descriptions are omitted. 

TABLE 3 

step 

Type Flow gas Ru pulse Pu Purge H/N22 pulse H2 purge 

Walve Air Flow ON(400) ON(400) ON(400) ON(400) 
Valve Ta Material OFF OFF OFF OFF 
Walve Air Flow OFF ON(400) ON(400) ON(400) 
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step 

H/N22 pulse H2 purge FIG. 14 No Type Flow gas Ru pulse Pu Purge 

309 Valve Ru Material ON(400) OFF OFF 
310 Valve Purge Air Flow ON(400) ON(400) ON(400) 
311 Walve H2 Flow OFF OFF ON(RF) 
312 Valve Ru Material Bypass OFF OFF OFF 
313 Valve Ru Material Out ON ON ON 
314 Valve Ru Material In ON ON ON 
315 Valve Ta Material Bypass OFF OFF OFF 
316 Walve Ta Material Out ON ON ON 
317 Valve Ru Material In ON ON ON 
318 MFC Air Flow 400 sccm Osccm Osccm 
319 MFC Air Flow Osccm Osccm Osccm 
32O MFC H2 Flow Osccm Osccm 500 sccm 
321 MFC Air Flow 400 sccm 400 sccm 400 sccm 
331 MFC N2 Flow O O 50 sccm 

0212. According to the procedure in Table 3, after the Ru 
pulsing and Ru purge the following hydrogen/nitrogen 
plasma step is implemented. Here, hydrogenis Supplied from 
the hydrogen gas flow-rate control 320 at a flow rate of 500 
sccm (or 200 to 1,000 sccm in an embodiment) by opening the 
hydrogen gas Supply valve 311. At the same time, nitrogen is 
supplied from the nitrogen gas flow-rate control 331 at a flow 
rate of 50 sccm (or 1 to 50 sccm in an embodiment) via the 
valve 332, to supply a mixed gas of H2 and N2. Although not 
illustrated in FIG. 14, the high-frequency shower 302 is 
impressed with electricity so that high-frequency power (0.1 
to 30 MHz, 100 to 1,000 W) is applied between the shower 
and the heater stage 303 in order to generate hydrogen/nitro 
gen plasma through matching adjustment. At this time, the 
process pressure is set between 200 and 500 Pa. The process 
time is set to approx. 1 to 10 seconds. After this step, the purge 
step is performed. Here, the hydrogen/nitrogen introduction 
valve 311 is closed and evacuation is performed for approx. 1 
second. 
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0213. The above explained the Ta atomic layer deposition 
process and Ru atomic layer deposition process. These pro 
cesses are repeated alternately, but the specific sequence Such 
as performing the Ta cycle once (typically once or twice) and 
Ru cycle twice (typically in a range of once to 10 times), etc., 
can be adjusted in order to optimize the filling by Cu. Also, the 
same procedure can be followed in an embodiment where the 
Tiatomic layer deposition process, etc., is used instead of the 
Ta atomic layer deposition process. 
0214 Similarly when forming a RuTa carbide constituting 
the RuTa alloy 256, RuTa alloy is formed using hydrogen 
plasma alone as shown in FIG. 9. This sequence can be 
implemented in the same manner as in Example 1 under the 
conditions shown in Tables 4 and 5. Basically, the sequence 
can be achieved by reading “N2/N2 gas introduction' as “H2 
gas instruction' in Tables 2 and 3. 

TABLE 4 

step 

pe Flow gas Tapulse Tapurge H2 pulse purge 

we Air Flow OFF ON(400) ON(400) ON(400) 
we Ta Material ON (400) OFF OFF OFF 
we Air Flow ON(400) ON(400) ON(400) ON(400) 
we Ru Material OFF OFF OFF OFF 

ve Purge Air Flow ON(400) ON(400) ON(400) ON(400) 
we H2 Flow OFF OFF ON(RF) OFF 
ve Ru Material Bypass OFF OFF OFF OFF 
we Ru Material Out ON ON ON ON 

we Ru Material In ON ON ON ON 

ve Ta Material Bypass OFF OFF OFF OFF 
we Ta Material Out ON ON ON ON 

we Ru Material In ON ON ON ON 

FC Air Flow Osccm Osccm Osccm Osccm 

FC Air Flow 400 sccm Osccm Osccm Osccm 

FC H2 Flow Osccm Osccm 500 sccm Osccm 

FC Air Flow 400 sccm 400 sccm 400 sccm 400 sccm 

FC N2 Flow O O O O 
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step 

FIG. 14 No Type Flow gas Ru pulse Pu Purge H2 pulse 

306 Walve Air Flow ON(400) ON(400) ON(400) 
307 Valve Ta Material OFF OFF OFF 
3O8 Walve Air Flow OFF ON(400) ON(400) 
309 Valve Ru Material ON(400) OFF OFF 
310 Valve Purge Air Flow ON(400) ON(400) ON(400) 
311 Walve H2 Flow OFF OFF ON(RF) 
312 Valve Ru Material Bypass OFF OFF OFF 
313 Valve Ru Material Out ON ON ON 
314 Valve Ru Material In ON ON ON 
315 Valve Ta Material Bypass OFF OFF OFF 
316 Walve Ta Material Out ON ON ON 
317 Valve Ru Material In ON ON ON 
318 MFC Air Flow 400 sccm Osccm Osccm 
319 MFC Air Flow Osccm Osccm Osccm 
32O MFC H2 Flow Osccm Osccm 500 sccm 
321 MFC Air Flow 400 sccm 400 sccm 400 sccm 
331 MFC N2 Flow O O O 

0215. As shown in FIG. 6(c), a Cu film was formed on each 
of these laminate films by means of Cu-CVD using (trimeth 
ylvinylsilyl)hexafluoroacetylacetonato copper to fill a via 
hole. (The via size was 75 nm in diameter and the aspect ratio 
was 2.7.) 
0216. In this example, as shown in FIGS. 15 and 16, favor 
able filling characteristics were also obtained by one Ta cycle 
and two Ru cycles. Similarly with a dual damascene structure, 
the via hole could be filled in a favorable manner. With a via 
hole of 50 nm in diameter, the via hole could be filled by 
forming a Cu film of approx. 25 to 30 nm. The steps shown in 
FIGS. 10(d) and (e) could be implemented because the Cu 
CVD seed layer 258 in FIG. 10(c) was 25 to 30 nm and could 
Sufficiently function as a seed layer for electrolytic plating. 
0217. With the Ta material and Ru material used in this 
example, favorable filling can be achieved when the Ru?(Ta+ 
Ru) atomic ratio is in a range of 70 to 95%. 
0218. It will be understood by those of skill in the art that 
numerous and various modifications can be made without 
departing from the spirit of the present invention. Therefore, 
it should be clearly understood that the forms of the present 
invention are illustrative only and are not intended to limit the 
Scope of the present invention. 
What is claimed is: 
1. A method for forming interconnect wiring, comprising: 
(i) covering a Surface of a connection hole penetrating 

through interconnect dielectric layers formed on a Sub 
strate for interconnect wiring, with an underlying alloy 
layer selected from the group consisting of an alloy film 
containing ruthenium (Ru) and at least one other metal 
atom (M), a nitride film thereof, a carbide film thereof, 
and an nitride-carbide film thereof, and 

(ii) filling copper or a copper compound into at least a part 
of the connection hole covered with the underlying alloy 
layer. 

2. The method according to claim 1, further comprising 
covering a surface of the connection hole with a copper dif 
fusion barrier layer prior to step (i). 

3. The method according to claim 2, wherein the barrier 
layer is a film constituted by a material selected from the 
group consisting of TaN. Ta, TaNC. TaSiN. TiN, Ti, TiNC, 
and TiSiN. 
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4. The method according to claim 2, wherein the barrier 
layer is a film constituted by a material selected from the 
group consisting of RuTaN, RuTaNC, RuTiN, RuTiNC, RuN, 
and RuNC. 

5. The method according to claim 1, wherein in step (i), the 
underlying alloy layer is formed as a copper diffusion barrier 
layer, and in step (ii), the copper or the copper compound is 
filled by CVD. 

6. The method according to claim 5, wherein a wiring 
groove communicated with the interconnection hole is fur 
ther formed above the interconnection hole in the intercon 
nect dielectric layers, and in step (i), a Surface of the wiring 
groove is also covered with the underlying alloy layer. 

7. The method according to claim 5, wherein in step (ii), the 
copper or the copper compound is filled into the interconnec 
tion hole substantially or nearly in its entirety. 

8. The method according to claim 5, further comprising 
filling copper by electrolytic plating into the remaining part of 
the interconnection hole which is not filled with the copper or 
the copper compound by CVD in step (ii), wherein a layer 
formed by CVD in step (ii) is used as a copper seed layer. 

9. The method according to claim 6, further comprising 
filling copper by electrolytic plating into the remaining part of 
the interconnection hole which is not filled with the copper or 
the copper compound by CVD in step (ii) and the wiring 
groove, wherein the a layer formed by CVD in step (ii) is used 
as a copper seed layer. 

10. The method according to claim 1, wherein the under 
lying alloy layer is a laminate comprised of the nitride film or 
the nitride-carbide film as a first layer and the carbide film as 
a second layer. 

11. The method according to claim 10, wherein step (i) 
comprises controlling Supply of a Ruprecursor and Supply of 
an M precursor to adjust an atomic ratio of Ru/(Ru--M) of the 
underlying layer at 0.6 to 0.9 for the first layer and then at 0.7 
to 0.95 for the second layer. 

12. The method according to claim 11, wherein the first 
layer is formed using a hydrogen-nitrogen plasma whereas 
the second layer is formed using a hydrogen plasma. 

13. The method according to claim 1, wherein step (i) 
comprises controlling Supply of a Ruprecursor and Supply of 
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an M precursor to adjust an atomic ratio of Ru/(Ru+M) of the 
underlying alloy layer at about 0.6 to about 0.9. 

14. The method according to claim 13, wherein step (i) 
comprises forming the underlying alloy layer by atomic layer 
deposition. 

15. The method according to claim 14, wherein step (i) 
comprises Supplying a Ru precursor and an M precursor 
alternately in cycles to form the underlying alloy layer. 

16. The method according to claim 15, wherein the Ru 
precursor is Supplied in one or more pulses and the M precur 
sor is Supplied in one or more pulses in one cycle. 

17. The method according to claim 16, wherein step (i) 
comprises adjusting the number of pulses of the Ruprecursor 
supply and the number of pluses of the M precursor supply to 
adjust the atomic ratio of Ru?(Ru--M) of the underlying alloy 
layer. 

18. The method according to claim 16, wherein the Ru 
precursor is a B-diketone-coordinated ruthenium compound. 

19. The method according to claim 1, wherein the M is Ti 
or Ta. 

20. The method according to claim 14, wherein the atomic 
layer deposition utilizes a plasma. 

21. The method according to claim 13, wherein a propor 
tion of Ru in the underlying alloy layer at a bottom of the 
connection hole is higher than that at a side wall of the 
connection hole or at an upper Surface of the Substrate. 

22. The method according to claim 21, wherein the under 
lying alloy layer at the bottom contains less C and/or N than 
at the side wall or the upper surface. 
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23. The method according to claim 21, wherein the pro 
portion of Ru is adjusted by applying bias Voltage to the 
substrate. 

24. The method according to claim 17, wherein step (i) 
comprises: 

(I) conducting atomic deposition of M X times, each 
atomic deposition of M comprising Supplying the M 
precursor and Supplying a gas chemically reactive to the 
M precursor: 

(II) after step (I), conducting atomic deposition of Ru Y 
times, each atomic deposition of Ru comprising Supply 
ing the Ru precursor and Supplying a reduction gas, 
wherein XZY; and 

(III) repeating steps (I) and (II) Z times, thereby forming a 
M. Ru alloy layer as the underlying alloy layer. 

25. The method according to claim 24, wherein step (II) 
comprises applying radio-frequency power to the reduction 
gas to generate a plasma of the reduction gas. 

26. The method according to claim 24, wherein the reduc 
tion gas is hydrogen gas or a mixed gas of hydrogen gas and 
nitrogen gas. 

27. The method according to claim 25, wherein step (II) 
comprises applying negative potential to a heating Support on 
which the substrate is placed. 

28. The method according to claim 1, wherein step (ii) 
comprises depositing Cuby CVD. 
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